performed with a JEOL JEM-2100 high-resolution transmission electron microscope (HRTEM) at 200 kV equipped with EDS (D2-LN2 free silicon drift detector -Oxford XMax). The surface area was determined from the adsorption of nitrogen gas at liquid nitrogen temperature (-195 .8 ºC) using NONA3200e (Quantachrome -USA). Prior to surface area measurements, all samples were perfectly degassed at 573 K and 10 -4 Torr overnight. The optical properties were carried out by UV-Vis diffuse reflectance and photoluminescence (PL) (Jasco model V-570) spectrophotometer at room temperature to estimate the energy band gap.
Photocatalytic studies
The photocatalytic experiments were operated in a 200 ml closed cylindrical quartz reactor had connectors for the gas outlet and solution sampling.
First, for ODOE design (Table S1 -S2 and Fig. S1 -S2), a tap water (TDS 420 mg/l) contaminated with a definite concentration of benzoic acid was used as a synthetic wastewater to evaluate the photocatalytic activities of the prepared single, binary, and ternary phoyocatalysts. The photodegradation experiments were carried out as follows; the definite amount of catalyst dose was suspended in a 100 ml synthetic wastewater containing known concentrations of benzoic acid at the desired pH (adjusted with 0.1 mol HCL or NaOH). Then the reaction sample was vigorously stirred in the dark for 1h to enable an adsorptiondesorption equilibrium before illumination. After that, the whole sample was transferred to the photocatalytic reactor and exposed to ultraviolet (20 W, 365 nm) and visible (Linear halogen lamp 500 W, and > 400 nm) irradiations with continuous stirring at 150 rpm for 4 h.
At the end of the photoreaction time, the treated artificial wastewater samples were collected from the photoreactor and centrifuged at 6,000 x g for 10 minutes. The benzoic acid photodegradation rate in the clean supernatant solution was monitored and determined by high-performance liquid chromatograph (HPLC model Agilent 1200 series). In our case, the best optimization procedure using ODOE approach is to consider the economics and photocatalytic reaction time was 6 h. Photo-irradiation was operated under visible and direct solar lights. After given time intervals, the photocatalytic response of the ternary photocatalyst was evaluated in terms of the TOC removal with CO2, and H2 production rates.
Analytical Procedures
The benzoic acid photodegradation rate was monitored by high-performance liquid chromatograph (HPLC model Agilent 1200 series) equipped with photodiode array detector (set at 220 nm) and a reverse-phase C-18 column (15 cm × 4.6 mm I.D., 5 μm) operated under temperature controller set at 308 K. The mobile phase consists of 70% buffer water with acetic acid (pH~ 4.2) and 30% Acetonitrile operated in isocratic mode with flow rate of 1 ml/min. The gas generated during photoctalytic processes was collected in gas trap system degassed previously by passing an inert N2 gas. The collected gas content was determined and quantified using a gas chromatography (GC Perkin Elmer model Clarus 500) instrument. The GC equipped with a packed chromatograph 102 stainless steel column and a thermal conductivity (TCD) detector and N2 as a carrier gas with 12 ml/min flow rate. The amount of TOC concentrations in the wastewater samples before and after treatment processes were monitored by TOC (Shimadzu 5000A) analyzer. The total dissolved solids (TDS) of the collected wastewater sample was determined according to ASTM D 5907. Herein, 17 BBD runs were developed based on the combination of two factors variables designs through all matrix design and the third factor is preserved at central value.
The BBD variables' levels were consecutively coded as (−1), (0) and (1) for low, central, and high levels (Table S2 ) using the following dimensionless equations: Table (S1) , the light factor shows a high significant influence on the photodegradation rate using the prepared single photocatalysts ( -test 60.16 and p<0.0001) compared to binary and ternary photocatalysts (F-test 29.12 and p=0.001) ( Table 1) . Among nanocomposite photocatalysts, the photocatalytic activities of binary WO3/CdS, and ternary α-MoO3-WO3/CdS show an independence on light types (p > 0.05, Table 1 ). The contour plots (Fig. 1a) show that the total effect of the composite mixtures and the steepness of its response trace relative to its centroid reference blend. The cox trace plot (Fig. 1b) confirms that the photodegradation results are mainly dependent on the catalyst combinations ratios, and the CdS (A) and α-MoO3 (C) have the highest influential effect on the response rates with unparalleled directions.
Characterization

Mineralogical and morphological analysis
The PXRD patterns of the prepared samples are shown in Fig. (2a) . For CdS, the (Fig. S3) . a Determined by the Barrett-Joyner-Halenda (BJH) method.
Optical analysis
The synergetic effect of the α-MoO3 (0. wavelengths. Moreover, the PL emission spectra is frequently performed to study the transfer and recombination of photo-generated electrons-hole pairs in photocatalysts 7 as presented in main text. Photocatalytic activities of α-MoO3(0.03)-WO3 (0.36) /CdS(0.61) 0.05,9,7 = 3.68) with low probability (p-value) <0.0001 (Table 3 ). In addition, the quadratic model shows a high adequate precision ratio of 117.82, and a low coefficient of variation (C.V. =1.44%) and standard deviation of 0.71 compared to other investigated models.
Therefore, it can infer that, at 95% confidence, the simulated equation (Eq. 9) is a statistically reliable to represent the relationship between the three studied variables levels and the benzoic acid photodegradation response using α-MoO3 (0.03)-WO3 (0.36) / CdS(0.61) photocatalyst under visible light.
Estimation of interactive effect of experimental variables
Obviously, From ANOVA data ( (Table 3) , the percentage of contribution (PC%) for the numerical components in Eq.
(8) were calculated and schematically drawn in Fig. S (6b) . Obviously, quadratic variables have a low significant effect on photo-response compared to that of the first order terms. As seen, the reaction pH showed the highest significant level with a contribution of 70.49%, and linear components reflected the highest significant level with a total linear contribution of 92.31% as compared to the interaction and quadratic terms with a total polynomial contribution of 2.91% and 4.73%, respectively.
Overall, based on the simultaneous cube plot response in Fig (5c) , the maximum photodegradation response of 89.81% was seen at levels of (+1, -1, -1), while the minimum performances were shown at design space of (+1, +1, +1) and (-1, +1, +1) with percentage photodegradation of 25.09% and 24.45%, respectively at the constraints levels. 
